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,QWURGXFWLRQ
&RPEDWLQJ JOREDO ZDUPLQJ DQG FOLPDWH FKDQJH LV RQH RI WKH PRVW LPSRUWDQW FKDOOHQJHV IDFLQJ
PDQNLQG$VDUHVXOWRILWVKHDY\GHSHQGHQFHRQIRVVLOIXHOVWKHWUDQVSRUWVHFWRULVDVLJQLILFDQWFRQVXPHU
RI HQHUJ\ DQG DPDMRU VRXUFH RI JUHHQKRXVH JDV *+* HPLVVLRQV 7KH WUDQVSRUW VHFWRU DFFRXQWHG IRU
DURXQGRIWRWDOILQDOHQHUJ\FRQVXPSWLRQLQWKH(8LQDQGZDVUHVSRQVLEOHIRUDURXQG
RI *+* HPLVVLRQV 5RDG WUDQVSRUW LV WKH GRPLQDQW PRGH HPLWWLQJ  RI DOO WUDQVSRUWUHODWHG *+*
HPLVVLRQV(XURSHDQ&RPPLVVLRQ




FDVH RI SULYDWH PRWRULVHG WUDQVSRUW WKH JHQHUDO WUHQG RI PRUH RU OHVV FRQWLQXDO JURZWK GXULQJ UHFHQW
GHFDGHV KDV EHHQ GULYHQ SULPDULO\ E\ WKH DVVRFLDWLRQ RI SHUVRQDO PRELOLW\ ZLWK TXDOLW\ RI OLIH DQG
HFRQRPLFGHYHORSPHQW8KHUHNHWDODQGLWVFRQVHTXHQFHLQWHUPVRIYHKLFOHRZQHUVKLSDQGXVH
)RU WKHVH UHDVRQV WKHUH KDV EHHQ D VLJQLILFDQW HIIRUW DW WKH WHFKQRORJ\ IURQW WR GHFUHDVH HQHUJ\
FRQVXPSWLRQDQG&2HPLVVLRQVIURPYHKLFOHV3DVVHQJHUFDUVKDYHEHHQKLVWRULFDOO\WKHILUVWURDGVHFWRU
IRUZKLFKHPLVVLRQUHGXFWLRQVKDYHEHHQDJUHHG7KHYROXQWDU\DJUHHPHQWRIWKH(XURSHDQ&RPPLVVLRQ
ZLWK WKH DXWRPRWLYH LQGXVWU\ &RPPLVVLRQ5HFRPPHQGDWLRQ(&ZDV WKH ILUVW DWWHPSW WR VHW
&2 HPLVVLRQ WDUJHWV IRU QHZ SDVVHQJHU FDUV ,Q WKLV SURFHVV DOWKRXJK VLJQLILFDQW HPLVVLRQ UHGXFWLRQV
ZHUHDFKLHYHGE\WKHYHKLFOHPDQXIDFWXUHUVLQYLHZRIWKHJNPWDUJHWWKDWKDGDJUHHGE\LW
ZDVQRWPDGHHYHQWXDOO\SRVVLEOHWRUHDFKWKHUHGXFWLRQVSURSRVHG$VDUHVXOWWKH(XURSHDQ3DUOLDPHQW




WHUP WDUJHW RI JNP WREH UHDFKHGE\7KHVH WDUJHW OLPLWV DUH VHW WDNLQJ LQWR DFFRXQW HPLVVLRQ
OHYHOVSURGXFHGRYHUWKHW\SHDSSURYDOGULYLQJF\FOHWKH1HZ(XURSHDQ'ULYLQJ&\FOH±1('&
$OWKRXJKWDUJHWVKDYHEHHQDJUHHGLQWKHUHJXODWLRQV WKHUHDUHQRUHFRPPHQGDWLRQVRUJXLGHOLQHVRQ
KRZ WKHVH WDUJHWV KDYH WREH UHDFKHG7KDW LV WKHUH DUHQRSUHVFULSWLRQV LQ WKH UHJXODWLRQV DV WRZKLFK
WHFKQRORJLHVRUIXHOVKDYHWREHXVHGRUZKDWYHKLFOHVL]HVKDYHWREHLQWURGXFHGWRUHDFKWKHWDUJHWV,Q
SULQFLSOHHYHU\PDQXIDFWXUHULVDOORZHGWRGHYHORSLWVRZQVWUDWHJ\DVORQJDVWKHPHDQ&2WDUJHWRYHU







)RU WKH SXUSRVHV RI WKH SUHVHQW VWXG\ WKH &58,6( PRGHO $9/¶V YHKLFOH DQG SRZHUWUDLQ OHYHO
VLPXODWLRQWRROKWWSVZZZDYOFRPFUXLVHZDVXVHGWRVLPXODWHYHKLFOHHQJLQHRSHUDWLRQRYHUFHUWDLQ
GULYLQJF\FOHV,Q&58,6(DYHKLFOHLVJUDSKLFDOO\VHWXSSURYLGLQJDOONLQGVRISRZHUWUDLQGHWDLOVZKHHO
VL]H JHDUER[ GLIIHUHQWLDO HQJLQH W\SH HWF 7KHQ DQ HQJLQH PDS LV JLYHQ ZKHUH WKH HQJLQH
FKDUDFWHULVWLFVEHLWFRQVXPSWLRQSROOXWDQWVQRLVHHWFDUHSURYLGHGDVDIXQFWLRQRIWKHHQJLQHVSHHG





7KHPDLQ YDULDEOHVZKLFKZHUHXVHG DV DQ LQSXW WR WKHPRGHOZHUH IXHO FRQVXPSWLRQ HQJLQHPDSV






WKH(XURSHDQ VWRFNZHUH VHOHFWHG DQGPLOGO\ LPSURYHG WKURXJK VLPXODWLRQ WRPHHW WKH  JNP WDUJHW
RYHU WKH 1('& 7KHPLOG LPSURYHPHQWV LQFOXGHG UHGXFWLRQ LQ WKHPDVV LPSURYHPHQWV LQ WKH HQJLQH





WHFKQRORJ\ ZKHUH DQ HOHFWULF PRWRU LV XVHG WR DVVLVW WKH HQJLQH GXULQJ DFFHOHUDWLRQ DQG KLJK ORDG
FRQGLWLRQV &XUUHQW K\EULG YHKLFOHV FDQ DOUHDG\ DFKLHYH WKH  JNP WDUJHW 7KH VHFRQG DGYDQFHG
WHFKQRORJ\KDVEHHQDQHOHFWULFFDUZLWKDJDVROLQHUDQJHH[WHQGHU6XFKDFRQILJXUDWLRQDOVRFRQVLVWVE\




SURSRUWLRQV DORQJ GLIIHUHQW VFHQDULRV DQG REVHUYH WKHLU LPSDFW LQ UHDOZRUOG &2 UHGXFWLRQV ZKLOH
DFKLHYLQJWKHVDPH&2WDUJHWRYHUWKH1('&WHVWLQDOOVFHQDULRV
9HKLFOHFRQILJXUDWLRQ






YHKLFOHZLWK&2HPLVVLRQVFORVH WR WKH WDUJHW.H\ WHFKQLFDOVSHFLILFDWLRQV IRU WKHVHYHKLFOHVDUH





YHKLFOHV WR WKH VFHQDULRV 7KHVH LPSURYHPHQWV DUH VXPPDUL]HG LQ 7DEOH  DQG DUH UDWKHU PLOG RQHV
H[SHFWHG WR EH HDVLO\ REWDLQHG E\ WHFKQRORJ\ LPSURYHPHQW 7KH YDOXHV LQ 7DEOH  DUH QRW D XQLTXH
FRPELQDWLRQWRUHDFKWKHJNPWDUJHWEXWWKH\UHSUHVHQWDIHDVLEOHDSSURDFKEDVHGRQREVHUYHGFXUUHQW
WUHQGVDQGH[SHFWHGIXWXUHGHYHORSPHQWV6HYHUDORWKHURSWLRQVH[LVWLGHQWLI\LQJDOOWKHVHRSWLRQVLVQRW




,QSXWSDUDPHWHU 3HXJHRW )RUG.D 6PDUWIRUWZR )LDW
0DVVHPSW\NJ    
'UDJFRHIILFLHQW    
)URQWDODUHDP    
(QJLQHFDSDFLW\O    
)XHOW\SH *DVROLQH *DVROLQH 'LHVHO 'LHVHO
0D[WRUTXH1P    
0D[SRZHUN:    
&2JNP    
7DEOH,PSURYHPHQWVLQWURGXFHGWRFRQYHQWLRQDOYHKLFOHVWRPHHWWKHWDUJHWV
3DUDPHWHU 3HXJHRW )RUG.D )LDW
9HKLFOHPDVV   
'UDJFRHIILFLHQW   
*HDUUDWLRV   
(QJLQHHIILFLHQF\   
7$&2HPLVVLRQV   

$ IXOO K\EULG HOHFWULFPLGVL]H FDU 7R\RWD3ULXV DQG DQ HOHFWULF YHKLFOHZLWK UDQJH H[WHQGHU 2SHO
$PSHUDZHUHDOVRVHOHFWHGDVUHSUHVHQWDWLYHRIWKHDGYDQFHGYHKLFOHWHFKQRORJLHV7KH&2HPLVVLRQVRI
WKH WKLUG JHQHUDWLRQ 7R\RWD 3ULXV  PRGHO \HDU DUH DV ORZ DV  JNP VLJQLILFDQWO\ UHGXFHG
FRPSDUHG WR WKH  JNP RI WKH SUHYLRXV QG JHQHUDWLRQ 3ULXV 7KH 2SHO $PSHUD XVHV HOHFWULFLW\




SRZHU D JHQHUDWRU DQG SURGXFH HOHFWULFLW\ WR UHFKDUJH WKH EDWWHULHV 7KLV LV ZK\ LW LV HTXLSSHGZLWK D
VWURQJHUHOHFWULFDOPRWRUDQGODUJHUEDWWHULHVWKDQK\EULGYHKLFOHV7KH2SHO$PSHUDLV WKHILUVWYHKLFOH
LQWURGXFLQJWKLVWHFKQRORJ\DQGDFFRUGLQJWRWKHPDQXIDFWXUHUKDVDQDOOHOHFWULFUDQJHRINP:LWKLQ
WKLV UDQJH LW HPLWV QR WDLOSLSH &2 DV LW LV SUDFWLFDOO\ GULYHQ DV DQ HOHFWULF YHKLFOH .H\ WHFKQLFDO
VSHFLILFDWLRQVIRUWKHVHWZRYHKLFOHVDUHSUHVHQWHGLQ7DEOH
7\SHDSSURYDO&2HPLVVLRQVIRUWKH2SHO$PSHUDDUHGHWHUPLQHGE\WKHWHVWSURFHGXUHGHVFULEHGLQ
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HOHFWULFDOHQHUJ\SRZHUVWRUDJHGHYLFHDWPLQLPXPVWDWHRIFKDUJHPD[LPXPGLVFKDUJHRIFDSDFLW\'H















FDOFXODWHG RYHU WKH 1('& DQG RYHU UHDOZRUOG GULYLQJ F\FOHV 7KH ODWWHU ZHUH GHULYHG IURP WKH
$57(0,6SURMHFW$QGUpDQGKDYHEHHQZLGHO\FRQVLGHUHGWRUHSUHVHQWDFWXDOGULYLQJFRQGLWLRQV
LQ XUEDQ UXUDO DQG KLJKZD\ FRQGLWLRQV UHVSHFWLYHO\ 7KLV PDGH SRVVLEOH WR SUHGLFW WKH UHDOZRUOG
EHKDYLRXURIWKHYHKLFOHVLQWHUPVRIWKHLUDFWXDO&2HPLVVLRQOHYHOV
7KH GLIIHUHQW YHKLFOHV VLPXODWHG ZHUH WKHQ LQWURGXFHG LQ WKH VWRFN DW YDULRXV UDWHV 7KH *HUPDQ
YHKLFOH IOHHUZDV VHOHFWHGDV D WHVW FDVHEHFDXVH WKLV LV D G\QDPLF VWRFNZLWK IDVW YHKLFOH UHSODFHPHQW
UDWHV DQG JHQHUDOO\ VKRUW OLIHWLPH RI WKH YHKLFOHV LQ RSHUDWLRQ 7KLV DOORZV D IDVW WHFKQRORJLFDO
UHSODFHPHQW DQG DOORZV DQ\ LPSDFWV RI WKH WHFKQRORJ\ FKDQJH WREHPD[LPL]HG7KHSURMHFWLRQRI WKH
WRWDOVWRFNJURZWKLQ*HUPDQ\ZDVGHOLYHUHGE\WKH/,)((&0$&6SURMHFWZZZHFPDFVHX'DWD





7DEOH  VKRZV WKH HPLVVLRQ OHYHO RI WKH LPSURYHG JDVROLQH DQG GLHVHO YHKLFOHV H[SHFWHG WR EH LQ
RSHUDWLRQ LQ  7KHVH KDYH EHHQ FDOFXODWHG E\ WKH &58,6(PRGHO VWDUWLQJ IURP WKH JDVROLQH DQG
GLHVHO YHKLFOHV LQ 7DEOH  DQG LQWURGXFLQJ WKH LQFUHPHQWDO FKDQJHV RI 7DEOH  (PLVVLRQV KDYH EHHQ
FDOFXODWHGERWKIRUWKHW\SHDSSURYDOGULYLQJF\FOH1('&DQGWKHWKUHHUHDOZRUOGGULYLQJF\FOHV7KH
PHDQHPLVVLRQSHUIRUPDQFHDOVRWDNLQJLQWRDFFRXQWWKHGXUDWLRQRIWKHWKUHHUHDOZRUOGGULYLQJF\FOHV
LVVKRZQLQ WKH ODVW URZRI WKH WDEOH7KHUHDOZRUOGSHUIRUPDQFHUHVXOWV WRKLJKHU&2HPLVVLRQV WKDQ
RYHU WKH W\SHDSSURYDO WHVW 7KH UHDVRQ IRU WKLV LV WKH PRUH WUDQVLHQW FKDUDFWHU DQG WKH VWURQJHU
DFFHOHUDWLRQV HQFRXQWHUHG LQ WKH UHDOZRUOG WKDQ LQ W\SHDSSURYDO 7KH UHODWLYH GLIIHUHQFH EHWZHHQ WKH





'ULYLQJF\FOH *DVROLQH *DVROLQH 'LHVHO 'LHVHO *DVROLQH+\EULG
1('&     
$UWHPLVXUEDQ     
$UWHPLVURDG     
$UWHPLVPRWRUZD\     
$UWHPLVDOO     

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LQ WKH EDWWHULHV 7KH &20- JHQHUDWHG ZLOO GHSHQG RQ WKH HQHUJ\ LQWHQVLW\ RI WKH SRZHU PL[ LQ WKH
SDUWLFXODU UHJLRQ ,Q RXU FDOFXODWLRQVZH WRRN LQWR DFFRXQW WKH DYHUDJH(XURSHDQ HQHUJ\PL[ RI 




7KUHH VFHQDULRV IRU WKH SHQHWUDWLRQ RI GLIIHUHQW WHFKQRORJLHV LQ WKH (XURSHDQ YHKLFOH VWRFN ZHUH
GHVLJQHGLQRUGHUWRGHPRQVWUDWHKRZWKHVDPHDYHUDJH&2WDUJHWRYHUWKH1('&PD\EHUHDFKHGZLWK
YDU\LQJ DFWXDO HIIHFWV RQ UHDOZRUOG HPLVVLRQV 7KHVH VFHQDULRV DUH RQO\ PHDQW WR GHPRQVWUDWH WKH
VHQVLWLYLW\ RI UHDOZRUOG &2 HPLVVLRQV WR HQJLQH WHFKQRORJ\ DQG WKH\ GR QRW DWWHPSW WR GLFWDWH D
SDUWLFXODUSDWKWKDWKDVWREHIROORZHGWRUHDFKDWDUJHW
7KHRSWLRQV WRPHHW WKH IXWXUH WDUJHWRIJNPWDLOSLSHRQO\ LQFOXGHVKLIW WRVPDOOHUFDUVHQJLQHV
GRZQVL]LQJ VFHQDULR DQG SHQHWUDWLRQ RI K\EULG K\EULGL]DWLRQ VFHQDULR DQG HOHFWULF HOHFWULILFDWLRQ
VFHQDULR YHKLFOHV)XOO HOHFWULF YHKLFOHV LHZLWKRXW D UDQJH H[WHQGHUPD\EH LQWURGXFHGEXWZH VWLOO
FRQVLGHUWKDWWKHLUQXPEHUVZLOOEHUHODWLYHO\VPDOOWRKDYHDVXEVWDQWLDOLPSDFWRQPHDQ&2HPLVVLRQV
3OXJLQ K\EULGV DUH WKH RWKHU RSWLRQ IRU DQ DGYDQFHG WHFKQRORJ\ +RZHYHU LW LV FRQVLGHUHG WKDW WKHLU
















































IDFWRUV GHYHORSHG ZLWK WKH VLPXODWLRQV LQ WKH SUHYLRXV VHFWLRQ )LJXUH  VKRZV KRZ WKH DYHUDJH UHDO
ZRUOG &2 HPLVVLRQ IDFWRU RI QHZ SDVVHQJHU FDUV LQ *HUPDQ\ ZLOO HYROYH DFFRUGLQJ WR WKH WKUHH
VFHQDULRVFRPSDUHGWRWKHEDVHFDVH7KHJUDSKVKRZVWKDWWKHEDVHFDVHHPLVVLRQIDFWRUZLOOGURSLQDQ\
FDVH GXH WR WKH H[LVWLQJ WUHQGV RI GRZQVL]LQJ DQG WHFKQRORJ\ LPSURYHPHQW$OVR WKH JUDSK VKRZV WKH


































H[DPSOH K\EULG DQG HOHFWULF YHKLFOHV DUH DOUHDG\ PXFK EHORZ WKH  JNP WDUJHW ZKLFK DOORZV WKH
UHJLVWUDWLRQ RI D VLJQLILFDQW QXPEHU RI KLJK&2 HPLWWHUV ODUJH DQG SRZHUIXO YHKLFOHV 6XFK YHKLFOHV
WHQGWRKDYHPXFKKLJKHUUHDOZRUOGRYHUW\SHDSSURYDOHPLVVLRQUDWLRDQGDVDUHVXOWWKHDYHUDJHUHDO
ZRUOGHPLVVLRQ IDFWRU WHQGV WREHKLJKHUHYHQ WKDQ WKHEDVHFDVHRQH7KLV WUHQGDOVRH[SODLQVZK\ WKH
HOHFWULILFDWLRQVFHQDULRUHVXOWV WRKLJKHUHPLVVLRQV WKDQ WKHK\EULGL]DWLRQRQH LQ WKH\HDUV WRFRPH7KH
HPLVVLRQEHQHILWWKDWWKHLQWURGXFWLRQRIHOHFWULFYHKLFOHVSURGXFHVLQW\SHDSSURYDOLVVRKLJKWKDWVHYHUDO
KLJKHPLWWHUVFDQEHDFFRPPRGDWHGZKLOHVWLOOPHHWLQJWKHDYHUDJHWDUJHW%DVHGRQWKHVHFRQVLGHUDWLRQV
WKH HPLVVLRQ UHGXFWLRQV RYHU WKH EDVHFDVH DFKLHYHG LQ  UDQJH IURP  IRU WKH HOHFWULILFDWLRQ
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VFHQDULR WRIRU WKHGRZQVL]LQJVFHQDULRDQGIRU WKHK\EULGL]DWLRQVFHQDULR0RUHRYHU LIRQH
WDNHV XSVWUHDP &2 HPLVVLRQV LQWR FRQVLGHUDWLRQ WRWDO &2 HPLVVLRQ EHQHILWV GURS WR  IRU WKH
HOHFWULILFDWLRQVFHQDULR
7KHDFWXDO&2HPLVVLRQEHQHILWV WKDWFDQEH LQWURGXFHGDW D IOHHW OHYHOE\ WKH WKUHH VFHQDULRVDUHD
FRPELQHGHIIHFWRI WKHSHUIRUPDQFHRI WKHQHZYHKLFOHV UHJLVWHUHGDQG WKHSHUIRUPDQFHRI WKHYHKLFOHV
WKH\ UHSODFH 7KLV LV VKRZQ LQ )LJXUH  7KH EHQHILW LQFUHDVHV ZLWK WLPH RYHU WKH EDVHFDVH DV DQ
LQFUHDVLQJQXPEHURILPSURYHGYHKLFOHVLV LQWURGXFHGLQWKHVWRFN,QWKLVFDVH WKHGRZQVL]LQJDQGWKH
HOHFWULILFDWLRQ VFHQDULRV UHVXOW WRPRUHRU OHVV VLPLODU UHGXFWLRQV7KLV LVEHFDXVHGRZQVL]LQJ LVPRVWO\
XVHG WR UHSODFH ODUJHU FDUV ZLWK VPDOOHU RQHV ZKLOH FDUV RI WKH VDPH PRUH RU OHVV VSHFLILFDWLRQV DUH

























WKUHH GLUHFWLRQV LQ UHGXFLQJ HPLVVLRQV LH GRZQVL]LQJ HOHFWULILFDWLRQ DQG K\EULGL]DWLRQ $ UDQJH RI
DVVXPSWLRQVZDVXVHGLQIRUPXODWLQJHDFKVFHQDULRVRWKDWWKHDYHUDJHRIJNPRYHUWKH1('&ZDV
PHW LQHDFKRI WKHP)RU VLPXODWLQJ WKH UHDOZRUOGSHUIRUPDQFHRI YHKLFOHV WKH VXLWH RI WKUHH$UWHPLV
F\FOHV 8UEDQ 5RDG 0RWRUZD\ ZDV XVHG :H KDYH VHOHFWHG WKH *HUPDQ VWRFN IRU WKH VLPXODWLRQV
6RPHKRZ GLIIHUHQWLDWHG FRQFOXVLRQV PD\ EH UHDFKHG ZKHQ DSSO\LQJ WKH VDPH VFHQDULRV LQ RWKHU
























7KHVH FRQFOXVLRQV VKRZ WKDW WKH HIIHFWLYHQHVV RI5HJXODWLRQ  LQ DFKLHYLQJ UHDOZRUOG&2
HPLVVLRQ UHGXFWLRQV ZLOO JUHDWO\ GHSHQG RQ WKH WHFKQRORJ\ SDWKZD\ WKDW ZLOO EH XVHG WR DFKLHYH WKH
WDUJHWV DVZHOO DV WKH YHKLFOHV EHLQJ UHSODFHG E\ QHZ WHFKQRORJ\7KLV KDV EHHQ DQ H[SORUDWRU\ VWXG\
RQO\ DQG GRHV QRW DLP DW UHFRPPHQGLQJ D SDUWLFXODU WHFKQRORJ\ SDWKZD\ +RZHYHU LW KDV EHHQ
GHPRQVWUDWHGWKDWWKHGLIIHUHQFHEHWZHHQWKHEHVWDQGWKHZRUVWVFHQDULRH[DPLQHGLVLHDVLIWKH
DFWXDOWDUJHWZDVJNPLQVWHDGRIJNPLQRQHRIWKHVFHQDULRV0RUHRYHUWKHDQDO\VLVKDVVKRZQ
WKDW WKH FRPELQDWLRQ RI HOHFWULILFDWLRQ ZLWK D IL[HG DYHUDJH &2 HPLVVLRQ WDUJHW PLJKW RQO\ OHDG WR
PDUJLQDORYHUDOOEHQHILWVPXFK ORZHUHYHQ WKDQGRZQVL]LQJ7KH ODWWHU LVPXFKHDVLHU WRDFKLHYHERWK
IURP D WHFKQLFDO DQG LQIUDVWUXFWXUDO SRLQW RI YLHZ ,Q RWKHU ZRUGV WKH GHSOR\PHQW RI HOHFWULILFDWLRQ
UHTXLUHVFORVHPRQLWRULQJDQGJXLGDQFHLQRUGHUWRDFKLHYHLWVH[SHFWHGEHQHILWV
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